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Abstract
Purpose Muscle atrophy is a commonly encountered problem
in osteoarthritis (OA). The aim of this studywas to estimate the
amount of muscle atrophy and fatty degeneration of the lower
leg muscles related to ankle OA by magnetic resonance
imaging (MRI).
Methods Twenty-one patients with unilateral ankle OAwere
included in this cohort study. Calf circumference of the
affected and healthy lower leg was documented. The degree
of OA was classified in conventional radiographs. The
cross-sectional areas and fatty degeneration of the muscles
of the lower leg were measured in bilateral MRI.
Results We found a significantly reduced calf circumference
of the affected vs. healthy leg (p00.016). MRI showed a
significantly lower cross-sectional area of the entire lower
leg musculature in OA (p00.013). Sub-analysis of muscle
groups revealed that only the M. soleus had a significant
cross-sectional area decrease (p<0.01). All muscles showed
a significant fatty degeneration (p<0.01).
Conclusions We conclude that unilateral ankle joint
osteoarthritis leads to an overall lower leg muscle atrophy,
but significant atrophy of the M. soleus. All muscles of the
affected leg undergo a fatty degeneration.
Introduction
Osteoarthritis (OA) is a common degenerative joint disease,
affecting nearly 50 million people in the USA [1]. Although
the incidence of primary OA in the ankle joint is thought to
be lower than in the knee and hip joint, recent studies report
a high and increasing incidence of post traumatic, secondary
OA in the ankle joint [2–5]. OA is characterised by structural
changes of the entire joint organ, such as loss of articular
cartilage, subchondral bone sclerosis and cysts, osteophyte
formation, and synovitis [6]. The patients report joint
stiffness and reduced range of motion (ROM) [7]. However,
use-related joint pain, which is relieved by rest, is one of the
cardinal features of OA and the most common reason why
affected patients seek medical help [8]. It has been suggested
that abnormal afferent nociceptive nerves from the
degenerated joints trigger a neurotransmitter release at
the level of the spinal cord. This inhibits the activity of
the alpha-motor neurons, leading to secondary muscle
atrophy from a reduction in muscle activity [9], a process also
known as arthrogenic muscle inhibition, a reflex atrophy [10].
This is confirmed by previous clinical studies examining
calf circumferences in patients with unilateral ankle joint
OA showing a reduction on the affected side in comparison
to the healthy side [11]. However, it is not known whether
this phenomenon is due to a general atrophy of the whole
lower leg muscle, or if individual muscle groups are
specifically affected.
The aim of this clinical-radiological study was to assess
muscle atrophy and degeneration of individual muscle
groups of the lower leg in patients suffering from unilateral
OA of the ankle joint. MRI was performed to measure the
cross-sectional area of the lower leg muscles and to assess
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muscle tissue degeneration. A comparison of the affected
and healthy lower leg was performed. We hypothesised
that the clinically found calf atrophy would be caused
by selective muscular atrophy of individual muscle
groups in the affected lower leg, when compared to
the healthy side.
Methods
Patients
We included 21 consecutive patients (11 female, ten male;
mean age 57 years, range 35–76 years) with end-stage ankle
OA, admitted to the orthopaedic department for total ankle
replacement (TAR) due to unilateral post traumatic OA of
the ankle joint between May and September 2008. The
patient demographics are summarized in Table 1. All
patients suffered from a previous fracture around the ankle
joint. The mean latency time from the time of fracture to
onset of symptoms was 23.5 years (range, 2–56 years).
Exclusion criteria consisted of primary OA, any joint or
muscle pathologies (e.g. previous muscular trauma,
rheumatoid arthritis, diabetes mellitus or neuromuscular
diseases) not related to secondary OA, and any injuries
of the contralateral non-affected lower extremity.
The study was approved by the institutional review board
and written informed patient consent was obtained. The
study was carried out in accordance with the World Medical
Association Declaration of Helsinki.
Clinical assessment
Clinical and radiological assessment was performed before
TAR and included the American Orthopaedic Foot & Ankle
Society (AOFAS) ankle score [12], and pain status measured
by the visual analogue scale (VAS; with use of a 10-cm graded
line, with 0 indicating no pain and 10, the worst pain
imaginable) [13]. The total ROM for the affected and
healthy ankle joint was noted (plantar flexion + dorsiflexion in
degrees). The calf circumference was determined in the
standing patient with a tape measure (in cm) at the level
of the maximal diameter of the calf, as measured by an
experienced orthopaedic surgeon (VV).
Radiological examination
All subjects in this case series underwent pre-operative
radiological imaging of the foot and ankle consisting of
standard anteroposterior and lateral weight-bearing radiographs
and MRI of both lower legs.
The extent of OAwas graded according to the classification
by Morrey and Wiedeman [14]. The MRI investigation of the
lower leg musculature was performed bilaterally on a 1.5
Tesla MRI device (Symphony/Avanto, Siemens, Erlangen).
Axial T1-weighted turbospin echo sequences (tse2d) with a
Table 1 Clinical and radiological variables of subjects
Case Sex, age
(years)
Side Mean latency from
trauma (months)
AOFAS
(points)
VAS
(points)
Total ROM
healthy ankle (°)
Total ROM
OA ankle (°)
Calf circumference
healthy leg (cm)
Calf circumference
OA leg (cm)
Radiological
OA grade
1 49, F R 30 30 6 60 20 36 34 3
2 57, F R 2 48 5 55 15 36 35 2
3 35, M L 2 30 7 60 25 31 28 2
4 50, F L 29 26 6 60 15 37 35 3
5 45, M R 21 53 7 50 25 34 31 2
6 47, F R 5 22 6 50 5 40 36 2
7 43, M R 8 22 8 55 20 36 34 3
8 59, M R 23 22 8 50 15 37 36 3
9 65, F L 5 54 5 50 15 32 30 3
10 50, M L 2 18 8 50 10 40 38 2
11 61, F R 12 25 6 65 5 33 32 3
12 76, F L 40 22 8 60 10 32 31 3
13 66, F R 30 29 7 60 20 38 35 3
14 58, F L 30 48 8 60 15 30 28 3
15 67, F R 4 32 7 60 30 37 35 2
16 58, M L 54 23 8 50 40 37 34 3
17 70, F R 45 23 8 50 10 34 32 3
18 52, M L 20 27 8 70 30 35 32 3
19 71, M R 56 20 7 55 15 38 36 3
20 73, M L 46 25 6 45 30 34 33 3
21 49, M R 29 23 7 60 10 34 32 3
avg average,M male, F female, AOFAS American Orthopaedic Foot and Ankle Society hindfoot scale, VAS visual analogue scale, OA osteoarthritis
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repetition time of between 2800 ms and 5610 ms, and with an
echo time between 70 and 111 ms were obtained. The
layer thickness was 8 mm, the interslice gap 0.8 mm,
the field of view 19.7 cm, and the image matrix 216×
512. All measurements were performed by two independent
experienced musculoskeletal radiologists using a radiological
software dedicated for diagnostic viewing of DICOM data
(e-film, Merge, Chicago, USA).
For quantitative analysis, the cross-sectional muscle
area was calculated according to the method previously
described by Fuchs et al. [15]. First, the level for the
measurements within the lower leg had to be determined. For
this, the lower leg was divided into three levels: proximal,
middle and distal one-third of the lower leg length, as defined
from the proximal to the distal tibial joint surface. Next, in the
middle 1/3 of the lower leg, the slice which allowed best
differentiation of the muscle groups was chosen by visual
judgment. For comparability, exactly the same level of
measurement was chosen for the affected and healthy
lower leg. Next, the following muscle groups of the
diseased and healthy lower leg were identified by the
presence of intermuscular septa (containing fat tissue)
[16]: the anterior tibial muscle group (M. tibialis anterior, M.
extensor digitorum et hallucis longus), the peroneal muscle
group (M. peroneus longus and brevis) and the deep dorsal
muscle group (M. tibialis posterior, M. flexor digitorum
longus, M. flexor hallucis longus). In the superficial
dorsal muscle group (triceps surae), each of the three
muscles (M. gastrocnemius medialis et lateralis and M.
soleus) have been measured individually. To calculate
the area, the anatomic boundary of the muscle groups
(respectively the individual muscles) which was recognized
by the intermuscular septa was manually marked (Fig. 1).
Based on those markings, the software automatically
calculated the area (in cm²).
The qualitative evaluation of the muscle tissue was
performed assessing the fatty degeneration which was
classified into four grades (Table 2). The measurements
were performed at the level of the quantitative measurements
(Fig. 2).
Statistical analysis
Statistical analysis was performed with use of a standard
paired t test by an independent statistician. Power analysis
indicated that a total sample size of 21 patients (42 legs) will
provide 80% power (2-tailedα00.01,β00.20) for determining
a significant difference for the cross-sectional area.
Results
Clinical assessment
The mean preoperative AOFAS ankle score was 29.6 points
(range, 18.0–54.0) and the mean VAS was 7.0 points (range,
5.0–8.0) (Table 1). The mean total range of motion of the
affected ankle joint was 18.1° (range, 5–40) and 56.0°
(range, 45–70) on the healthy side. This was statistically
significant (p<0.01). The mean calf circumference on clinical
examination was significantly lower (p00.016) with 33.2 cm
(range, 28–38) on the affected side compared to 35.3 cm
(range, 30–40) on the healthy side (Table 1).
Fifteen patients presented a grade 3 and six patients a
grade 2 osteoarthritis on conventional radiographs (mean
2.7, range 2–3).
Radiological examination
Quantitative MRI analysis of the anterior tibial muscle
group, the peroneal muscle group, and the deep dorsal
muscle group and individual MRI analyses of the M.
gastrocnemius medialis et lateralis showed no significant
reduction (p>0.05) in the muscle cross-sectional area of
the affected leg compared to the healthy leg (Table 3, Fig. 3).
Fig. 1 Quantitative analysis. This figure represents the affected and
healthy lower leg of patient no. 1 from Table 1. To calculate the area,
the anatomic boundary of following muscle groups (respectively the
individual muscles) were manually marked: the anterior tibial muscle
group (blue), the peroneal muscle group (pink), the deep dorsal muscle
group (green), the M. gastrocnemius medialis (grey) and lateralis
(yellow), and the M. soleus (red)
Table 2 Qualitative evaluation of the muscle tissue
Grade of fatty
degeneration
Description of fatty degeneration
0 None
1 Up to 30 %, corresponding to one third of
muscle tissue
2 Up to 60 %, corresponding to two thirds of
muscle tissue
3 Greater than 60 %, corresponding to more
than two thirds of muscle tissue
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Measurement of the M. soleus revealed a significant (p<0.01)
reduction in muscle cross-sectional area of the affected leg
compared to the healthy leg (Fig. 3). The sum of the values of
all individual cross-sectional areas for each individual leg
showed a significant difference (p00.013) for the affected
leg (mean 57 cm², range, 32.5–86) compared to the healthy
leg (mean 67.5 cm², range, 44.2–91.9). Qualitative MRI
analysis showed a significant fatty degeneration (p<0.01) in
all examined muscle groups of the affected leg compared to
the healthy leg (Table 4, Fig. 4).
Discussion
Muscle atrophy is one of the major problems in osteoarthritis
(OA) causing muscle volume loss and weakness. This
study reports for the first time the objective and accurate
quantification of lower leg muscle atrophy in ankle joint OA
byMRI examination. All patients involved in this study group
suffered from high grade unilateral OA of the ankle joint, as
indicated by the low mean AOFAS hindfoot score, the high
Fig. 2 Qualitative analysis. This figure represents the affected lower
leg of patient no. 1 from Table 1. Fatty muscle degeneration was
assessed at the level of the quantitative measurement. The grade of
fatty degeneration is displayed within each muscle group: anterior
tibial muscle group (blue, 3), the peroneal muscle group (pink, 2), the
deep dorsal muscle group (green, 3), the M. gastrocnemius medialis
(grey, 1) and lateralis (yellow, 1), and the M. soleus (red, 3)
Table 3 Results of quantitative
analysis
P ankle OA side, H healthy side,
SD standard deviation
Cross-sectional muscle area in
cm²
Case Ant. tibial Peroneal Deep dorsal Gastroc med. Gastroc lat. Soleus
P H P H P H P H P H P H
1 7.1 8.4 5.1 5.8 3.4 4.6 5.9 6.7 3.1 4.0 7.84 14.8
2 10.7 11.0 5.1 6.2 4.5 5.4 11.7 12.0 4.7 5.8 23.3 31.3
3 9.4 12.5 5.1 5.8 3.2 4.0 11.2 16.3 7.3 7.7 18.2 26.7
4 8.3 9.4 5.9 5.2 4.8 4.4 7.3 9.0 4.2 5.4 13.9 21.0
5 9.9 12.0 5.2 6.6 5.3 7.1 14.3 14.2 6.7 8.2 20.9 30.6
6 8.9 9.2 7.4 7.6 6.6 6.9 14.2 15.8 6.9 7.2 23.6 34.2
7 13.4 15.8 6.0 8.0 6.5 7.2 16.2 21.1 8.1 9.8 19.4 22.1
8 12.6 14.2 8.1 8.1 6.8 8.1 13.5 14.3 6.8 8.4 23.7 23.5
9 10.3 9.2 4.8 4.8 4.7 4.9 9.9 11.3 4.9 4.3 16.9 25.1
10 14.5 15.5 10.4 10.2 5.3 7.8 17.6 15.0 7.7 8.0 30.5 35.4
11 10.2 10.2 5.2 5.6 3.8 4.5 10.4 10.1 6.0 7.1 15.7 20.0
12 9.4 9.0 5.0 4.8 4.0 5.4 9.9 10.5 4.6 5.1 17.6 22.9
13 10.3 9.8 4.9 6.8 6.5 5.2 15.2 11.9 5.6 8.3 20.4 28.6
14 4.8 5.1 4.8 6.3 2.9 4.1 10.5 11.4 5.3 5.3 12.8 20.7
15 9.5 11.5 5.3 7.2 3.2 4.2 12.9 13.3 3.7 5.9 27.9 28.4
16 10.2 15.1 4.7 6.3 5.0 6.2 11.1 15.5 4.3 5.3 17.8 30.1
17 7.1 7.7 5.4 4.7 5.1 6.5 9.2 9.3 3.4 4.2 10.7 12.6
18 11.3 11.8 3.8 5.1 3.8 5.7 7.1 11.3 1.7 3.2 18.0 22.3
19 15.7 11.9 6.7 6.8 3.6 3.8 16.5 18.1 9.4 9.7 16.4 21.5
20 8.8 7.1 4.6 5.1 3.1 2.7 11.9 14.3 8.5 9.1 14.2 18.5
21 13.2 14.4 9.7 9.8 3.0 4.2 15.5 17.6 7.8 8.8 20.6 27.4
Mean 10.3 11.0 5.8 6.5 4.5 5.4 12.0 13.3 5.7 6.7 18.6 24.7
SD 2.6 2.9 1.7 1.5 1.3 1.5 3.3 3.5 2.0 2.0 5.4 6.0
Max 4.8 5.1 3.8 4.7 2.9 2.7 5.9 6.7 1.7 3.2 7.8 12.6
Min 15.7 15.8 10.4 10.2 6.8 8.1 17.6 21.1 9.4 9.8 30.5 35.4
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mean VAS, the low ROM of the OA ankle joint, and the high
grade degenerative changes as shown on conventional
radiographs. A significant atrophy of the soleus muscle
of the affected leg was demonstrated. All examined
muscle groups of the affected leg showed a significantly
greater fatty degeneration than the healthy leg.
The gradual decline in muscle strength and size associated
with OA has been attributed to an impairment of the central
nervous system, the so-called arthrogenous muscle inhibition
or reflex atrophy [9, 10]. It is believed that abnormal joint
afferent nerves from the osteoarthritic joint lead to
neurotransmitter release at the level of the spinal cord,
causing a reduction in the activity of alpha-motor neurons [9].
However, the exact mechanism of OA-related muscle atrophy
remains unclear. Previous studies on muscle pathology in
conjunction with OA focus on the hip and knee and onmuscle
force measurements. It has been shown that in knee OA the
quadriceps strength is usually reduced by 14–45 % compared
to control subjects [17–19]. Sirca et al. reported that OA of the
hip was strongly associated with a type II fiber atrophy of the
gluteal muscles [18]. Nakamura et al. also reported selective
type II fiber atrophy in hip and knee OA [20]. For ankle OA,
Valderrabano et al. showed that affected lower legs
compared to legs with no OA had a significant atrophy
Fig. 3 Results of the quantitative analysis. A significant (*p<0.01)
decrease of the muscle cross-sectional area was only found in the M.
soleus of the affected leg (white box), when compared to the healthy
leg (grey box). In all other muscle groups the difference was not
significant (ns)
Table 4 Results of qualitative
analysis: grade of fatty degener-
ation according to Table 1
Case Ant. tibial Peroneal Deep dorsal Gastroc med. Gastroc lat. Soleus
P H P H P H P H P H P H
1 3 0 2 1 3 0 1 0 1 0 3 1
2 1 1 2 1 1 0 2 1 3 0 2 0
3 0 0 1 0 1 0 1 1 1 1 2 1
4 1 1 1 1 2 1 1 1 1 0 2 1
5 1 0 1 0 1 0 1 1 1 1 3 1
6 0 0 3 0 1 0 1 0 1 0 2 0
7 1 0 1 0 1 0 1 0 1 0 2 1
8 2 1 2 1 2 1 2 2 2 1 3 2
9 2 0 1 0 1 0 2 0 1 0 2 0
10 2 1 1 1 1 1 2 1 1 1 3 1
11 2 1 2 1 2 1 2 1 2 1 3 1
12 2 0 1 0 2 0 1 1 1 1 3 1
13 1 0 1 0 1 0 1 0 1 0 2 0
14 1 0 2 1 1 0 1 1 1 1 3 2
15 1 0 1 0 1 0 1 0 1 0 3 0
16 1 1 1 1 0 0 1 1 0 0 2 1
17 0 0 1 1 2 1 1 1 1 0 3 1
18 1 1 1 1 2 0 1 1 0 1 2 1
19 3 0 2 0 3 0 2 0 2 0 3 0
20 0 1 1 1 0 0 2 0 1 0 2 1
21 1 0 2 0 2 0 1 0 1 0 2 0
Mean 1.3 0.4 1.4 0.5 1.4 0.2 1.3 0.6 1.1 0.4 2.5 0.8
SD 0.8 0.5 0.6 0.5 0.8 0.4 0.5 0.6 0.7 0.5 0.5 0.6
Max 0 0 1 0 0 0 1 0 0 0 2 0
Min 3 1 3 1 3 1 2 2 3 1 3 2
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on clinical examination [11]. Torque measurements
showed a dorsiflexion/plantar flexion weakness, while
surface electromyography showed a significant shift towards
lower EMG frequencies, and significantly reduced EMG
intensity for the anterior tibial, medial gastrocnemius,
and long peroneus muscles during maximal voluntary
muscle contraction. Interestingly, the mean electromyography
intensity was not significantly changed in the soleus muscle.
Using MRI imaging, we differentiated whether individual
muscle groups are involved in the process of atrophy. Only the
M. soleus of the affected lower leg showed a significant
atrophy, compared to the healthy side. The M. soleus is an
uniarticular muscle and forms the gastrocsoleus complex with
the biarticular muscles M. gastrocnemius medialis and
lateralis. It is attached to the middle third of the Achilles
tendon where it acts as a primary plantar flexor of the foot.
Furthermore, it is an auxiliary muscle in supination [21] and
inversion of the heel [22]. Campbell et al. observed that the
medial portion of the M. soleus primarily acts as a plantar
flexor, whereas the lateral portion mainly stabilises the lower
leg on unstable surfaces [23]. Due to OA pain ankle joint
movement becomes restricted and movements facilitated by
the M. soleus are avoided. As a uniarticular muscle this disuse
results in muscle atrophy. The M. gastrocnemius medialis
and lateralis were not significantly affected. A possible
explanation is that in contrast to the M. soleus those
muscles are not only involved in ankle joint movement,
but also contribute to knee joint flexion and stabilization.
While ankle joint movement is restricted in OA, these
muscles are still activated by knee joint motion. Similar data
was obtained in a study investigating the development of
atrophy of the M. quadriceps femoris after a period of
immobilisation due to injury to the anterior cruciate
knee ligament. Atrophy was mainly determined for the
M. vastus medialis and lateralis which are also uniarticular
muscles. As a biarticular muscle, the M. rectus femoris was,
similarly to this study, affected to a lesser degree [24].
MRI and computertomography have been previously
used to assess the cross sectional area of leg muscles in
OA. Using MRI imaging, Arokoski et al. reported a signif-
icantly reduced muscle cross-sectional area of the thigh and
pelvic muscles in patients with unilateral hip OA [25]. In
patients with hip OA, Rasch et al. showed that the cross-
sectional area of hip extensors, flexors, and adductors, as
well as knee extensors and flexors in the OA limb, was
significantly reduced on computertomographic imaging
[26].
To the best of our knowledge no study exists which
describes fatty muscle degeneration in OA of the leg.
However, MRI has been previously used to determine
the muscle quality of the rotator cuff [15, 27, 28]. In a pro-
spective study on 38 patients, Gladstone et al. assessed the fatty
infiltration of the rotator cuff before and after surgical repair
[29]. Surgical repair did not lead to improvement of muscle
degeneration and a failed repair resulted in significantly more
progression. He concluded that repairs should be performed
before more significant deterioration in the cuff musculature in
order to optimize outcomes.
TAR is commonly performed in patients suffering from
OA of the ankle joint. Good functional results and decrease
of pain have been demonstrated [30–32]. However, it is still
unclear whether the encountered muscle atrophy is reversible
after TAR implantation. At one-year follow up after TAR
surgery, Valderrabano et al. demonstrated a significant
improvement in muscle function (torque, EMG intensity),
while the calf circumference decreased insignificantly [33].
Whether the cross-sectional muscle area is a prognostic factor
for the outcome after TAR is not yet known and will be
assessed by an upcoming follow-up study.
This study has several limitations. As the overall
incidence of post traumatic ankle joint OA is low, the
study included only a limited number of patients. However, a
power analysis performed prior to the study confirmed that the
number of involved patients would be sufficient to find a
significant difference. All patients had advanced OA
on conventional radiographs. Therefore no conclusion
can be made as to whether patients with beginning mild
OA might show similar muscle atrophy. The MRI analysis of
the individual muscles of each muscle group of the lower leg
was limited. The individual muscles of the anterior tibial
muscle group, the peroneal muscle group, and the deep dorsal
muscle group could not be clearly separated onMRI. Thus the
muscles were grouped and analysed together.
We conclude that unilateral ankle joint osteoarthritis
leads to an overall lower leg muscle atrophy, but significant
atrophy of the M. soleus. All muscles of the affected leg
undergo a significant fatty degeneration.
Fig. 4 Results of the qualitative analysis. A significant (*p<0.01) fatty
degeneration of the muscle tissue was found in all muscle groups of the
affected leg (white box), when compared to the healthy leg (grey box)
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